This paper investigates a chemically reactive Magnetohydrodynamics fluid flow with heat and mass transfer over a permeable surface taking into consideration the buoyancy force, injection/suction, heat source/sink and thermal radiation. The governing momentum, energy and concentration balance equations are transformed into a set of ordinary differential equations by method of similarity transformation and solved numerically by RungeKutta method based on Shooting technique. The influence of various pertinent parameters on the velocity, temperature, concentration fields are discussed graphically. Comparison of this work with previously published works on special cases of the problem was carried out and the results are in excellent agreement. Results also show that the thermo physical parameters in the momentum boundary layer equations increase the skin friction coefficient but decrease the momentum boundary layer. Fluid suction/injection and Prandtl number increase the rate of heat transfer. The order of chemical reaction is quite significant and there is a faster rate of mass transfer when the reaction rate and Schmidt number are increased.
Introduction
The hydromagnetic flow and heat transfer over a surface have practical, industrial and engineering applications in the streamlined expulsion of plastic sheets, paper creation, glass blowing, metal turning, drawing plastic film, aerodynamic expulsion of plastic sheets, condensation process of metallic plate in the cooling bath and expulsion of a polymer sheet from a colour. Chamkha [1] solved a general boundary layer problem governing steady, Laminar, hydromagnetic flow with heat and mass transfer over a permeable cylinder moving with a linear velocity in the presence of heat/absorption, chemical reation, suction/injection effects and uniform transverse magnetic field using standard, fully implicit, iterative, tri-diagonal finite difference method. Aziz [2] obtained a similarity solution for a Laminar boundary layer flow over a flat plate with a convective surface boundary condition. Bhattacharyya and Gorla [3] solved the axisymmetric boundary layer flow and heat transfer past a permeable shrinking cylinder subject to surface mass transfer using finite difference method of quasilimearization technique. Bhattacharyya and Layek [4] analyzed the distribution of a reactant solute undergoing first order chemical reaction in the boundary layer flow of an electrically conducting incompressible fluid over a permeable stretching sheet subjected to suction or blowing using finite difference method of quasilinearization technique. Also, Bhattacharyya [5] , considered the effects of heat source /sink on the steady two dimensional MHD boundary layer flow and heat transfer past shrinking sheet with wall mass suction using finite difference method of quasilinearization technique. Arthur et al. [6] investigated the hydromagnetic flow over a flat surface with convective boundary condition and internal heat generation in the presence of chemical reaction using Newton-Raphson Shooting method along with fourth order Runge-Kutta algorithm. Gnaneswara and Sandeep [7] analyzed the heat and mass transfer in Carreau fluid flow over a permeable stretching sheet with convective slip condition in the presence of applied magnetic field, nonlinear thermal radiation, cross diffusion and suction/injection effects using Runge-Kutta and Newton's method. Also, Nayak [8] considered a steady MHD flow of a viscous conducting fluid past a stretched permeable vertical permeable surface with heat generation/absorption, thermal radiation and chemical reaction using Runge-Kutta method based on Shooting technique. Prakash et al. [9] examined the hydromagnetic two dimensional boundary layer flow of a non-Newtonian fluid accompanied by heat and mass transfer towards an exponentially stretching sheet in the presence of chemical reaction and thermal radiation using Casson model. Sulochana and Kishor Kumar [10] used shooting technique to analyze the heat and mass transfer in magnetohydrodynamic flow over a stretching sheet in the presence of thermal radiation and chemical reaction. Seth et al. [11] used exact solution in closed form and numerical solution to investigate an unsteady hydrodynamic natural convection flow with heat and mass transfer of a viscous incompressible, electrically conducting, chemically reactive and optically thin radiating fluid past an exponentially accelerated moving vertical plate with arbitrary ramped temperature, embedded in a fluid saturated in a porous medium. Also, Hayat et al. [12] obtained convergent series solutions for a boundary layer flow of a Nano fluid over power-law stretched surface in the presence of applied magnetic field and chemical reaction with heat and mass convective conditions. Ishak [13] provided a similarity solution for a steady, Laminar, boundary layer flow and heat transfer over a permeable flat plate in a uniform free stream with the surface of the plate heated by convection from a hot fluid. Also, Makinde and Olanrewaju [14] analyzed the effects of thermal buoyancy on the Laminar boundary layer about a vertical plate in a uniform stream of fluid under a convective surface boundary condition using fourth order RungeKutta iteration scheme. Olanrewaju et al. [15] [15] to include buoyancy force and fluid injection or suction on heat and mass transfer over a permeable surface of a chemically reactive magnetohydrodynamics fluid flow in the presence of heat source and sink and thermal radiation.
Formulation of the problem
Consider a steady, two dimensional boundary layer flow of a stream of cold, incompressible, electrically conducting viscous fluid, coupled with heat and mass transfer past a permeable stretching surface. The flow is assumed to be in the direction of x -axis along the plate and y -axis is normal to the plate. A uniform magnetic field 0 B is applied in transverse direction to the flow. The left surface is heated by convection from a hot fluid at temperature f T which provides a heat transfer coefficient f h . Also, the left surface of the plate is heated by convection from a viscous fluid at concentration f c to give rise to a coefficient mass transfer and the right side of the plate is electrically conducting The governing continuity, momentum, energy and concentration equations are
where , , , u v T C are respectively the x and y .components of the velocity; temperature and concentration components while U  , T  and C  are respectively the velocity, temperature and concentration outside the plate,  is the coefficient of kinematic viscosity,  is the thermal expansion coefficient,  is the electrical conductivity, g is the acceleration due to gravity,  the density, p C the specific heat at constant pressure, K the thermal conductivity, 0 B is the magnetic strength, m D is the mass diffusivity, r K is the reaction rate constant, n is the order of the chemical reaction and r q is the radiative heat flux. The corresponding boundary conditions are
where a is a constant. Using Rosseland approximation, the radiative heat flux r q is given by
where *  and K are the Stefan-Boltzmann constant and the mean absorption coefficient respectively. Assuming that the temperature differences within the flow are sufficiently small, then, Eq.(2.7) can be linearized by expanding
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T in Taylor series about the free stream temperature T  and neglecting higherorder terms to obtain
Using the similarity transformation 
The governing Eqs (2.2) to (2.4) are transformed into the following ordinary differential equations
The corresponding boundary conditions take the form
where the prime symbol represents the derivative with respect to  .
For the momentum, energy and concentration equations to have similarity solutions, the parameters
Da , x  must be made constants.
Numerical method for solution
The governing equations and the boundary conditions are solved using Runge-Kuttamethod based on sixth order Shooting technique.
Particular cases
1. For a chemical reaction of first order when n 1  and in the absence of buoyancy force and heat source/sink i.e., when Gr w F 0     , then the results of this paper is the same as Arthur et al. [6] . 2. For a fluid which is not chemically reactive in the absence of the magnetic field, i.e. when, Sc Br w K M F 0      then the result of this paper will be same as Olanrewaju et al. [15] . 3. In the absence of heat source/sink, buoyancy force, radiation effects and magnetic field for a nonchemically reactive fluid i.e., when Gr = Ra Sc Br 
Results and discussion
Numerical calculations have been carried out for different values of thermo physical parameters controlling the fluid dynamics in the flow region. Table 1 Arthur et al. [6] Present paper Pr velocity, temperature, concentration as well as skin-friction coefficient, plate temperature, rate of heat and mass transfer over the vertical plate. It was observed from Tab.4 that with more injection of the chemically reactive and electrically conducting fluid into the flow system, there was a corresponding rise in the skinfriction coefficient. The same result was observed by increasing the values of the magnetic parameter, Brinkman and Grashof numbers. In Tab.5, the varying values of the reaction rate parameter increased the rate of mass transfer within the flow system. On the other hand, when the order of the chemical reaction was increased, there was a retardation of the rate of mass transfer. was increased by increasing the values of the Prandtl and Biot numbers as a result of convective heat exchange at the plate surface. There was a retarding effect on the heat transfer rate as Br, Ra and  were increased due to viscous dissipation. 
A. Velocity profiles
Figures 2 to 6 show the influence of some of the controlling parameters on the velocity boundary layer. The fluid velocity was lowered at the plate surface and increased to the free stream value satisfying the far field boundary condition. In Fig.2 , the distractive force due to Lorentz force increased as the magnetic parameter increased because there was a very consistent drop in the longitudinal velocity and therefore the momentum boundary layer thickness get thinner. An increase in fluid injection, Grashof number and Brinkman number have the same effects on both the momentum boundary layer and velocity with the magnetic parameter as shown in Figs 3 to 6. 
B. Temperature profiles
The effects of various controlling parameters on the temperature distribution are shown in Figs 7-14. It should be noted that, the temperature reaches its maximum at the permeable plate surface and asymptotically decreases to a minimum zero value far away from the plate, thereby satisfying the boundary condition. Also, increasing the magnetic parameter increases the fluid temperature which in turn increases the thermal boundary layer. This is attributed to the effect of Ohmic heating on the flow system. An increase in the Biot number gave rise to increase in fluid temperature due to the convective heat exchange between the hot fluid at the lower surface of the plate and the cold fluid at the upper surface of the plate resulting in the thickening of the thermal boundary layer. The same reason can be given for increase in the Brinkman number, internal heat generation parameter and radiation parameter but an opposite trend was observed by increasing the Prandtl number and fluid injection and so lowering the rate of thermal diffusion within the boundary layer resulting in a thinning of the thermal boundary layer. 
C. Concentration profiles
The effects of the controlling parameters on concentration profile were shown in Figs 15-17 . The boundary conditions were fulfilled as the graphs indicated maximum concentration at the permeable plate surface and asymptotical decrease to the prescribed free stream value. Fluid injection and suction, Schmidt number and the reaction rate parameters decreased the rate of mass diffusivity. The solutal boundary layer also decreased for all the three controlling parameters. Conclusively, this work examined the analysis of a steady, two-dimensional, chemically reactive MHD flow of heat and mass transfer of a viscous, incompressible, chemically reactive and electrically conducting fluid flow over a permeable surface. The similarity equations were obtained and solved numerically using Runge-Kutta method based on Shooting technique. Numerical results were presented, illustrated and analyzed graphically with all the controlling thermo physical parameters in the velocity, temperature and concentration profiles. Then, it was noted that:
 increase in radiation parameter, magnetic parameter, Brinkman number and internal heat generation parameter increase the plate surface temperature but decrease the rate of heat transfer.  the plate temperature decreases with fluid suction/injection and increases with Prandtl number  fluid suction/injection and Prandtl number increase the rate of heat transfer;  all the embedded parameters in the momentum boundary layer equations increase the skin friction coefficient;  there is a faster rate of mass movement when the reaction rate parameter and Schmidt number are increased;  fluid suction/injection has significant effect on the Skin-friction coefficient, Nusselt number and Sherwood number;  the order of the chemical reaction is quite significant;  all the embedded parameters in the momentum boundary layer equations decrease the momentum boundary layer.
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Nomenclature
Bi  Biot number Br  Brinkman number 
